The observations to be described originated in the desirability of knowing whether or not the use of living cultures of Bacillus abortus as vaccines may lead to actual cases of disease of the bovine placenta in vaccinated animals or in unvaccinated animals associated with them. This occurrence can be proved by identifying the vaccinal strain isolated from tissues of actual cases of disease. To do this, the vaccinal strain must have acquired characters different from the fresh virus and moreover such as are not lost again in contact with living tissues of the cow.
The observations to be described originated in the desirability of knowing whether or not the use of living cultures of Bacillus abortus as vaccines may lead to actual cases of disease of the bovine placenta in vaccinated animals or in unvaccinated animals associated with them. This occurrence can be proved by identifying the vaccinal strain isolated from tissues of actual cases of disease. To do this, the vaccinal strain must have acquired characters different from the fresh virus and moreover such as are not lost again in contact with living tissues of the cow.
Strains of Bacillus abortus freshly isolated from spontaneous cases differ from those which have been under cultivation for 1 or more years in that the former are sensitive to the atmosphere of the culture tube or environment. The latter are not in so far as they readily multiply in ordinary cotton-plugged tubes on the ordinary agar medium. B. Bang J was cognizant of this peculiarity of freshly isolated strains and used serum-gelatin-agar in a deep layer or column. In his hands the bacillus multiplied in a zone 0.5 cm. below the surface. Nowak 2 succeeded in growing Bacillus aborlus on the surface of solid media by enclosing inoculated tubes in a jar with actively growing cultures of Bacillus subtilis. In 1911, M. Fabyan and the writer obtained satisfactory growth by sealing the culture tube hermetically with sealing wax. These several methods lend themselves to several i Bang, B., Z. Tiermed., 1897 , i, 241. Nowak, J., Ann. Inst. Pasteur, 1908 . 219 different interpretations. A choice among them is rendered difficult by the fact that Bacillus abortus in its cultural state is an obligatory aerobe without capacity to ferment any sugars. In order to approach an interpretation of these rather anomalous and apparently contradictory characters, it became necessary to use as a basis for controlling the various experimental departures such methods as made it possible to estimate quantitatively the aerophobic character of the strains used. Growth in sealed tubes was found satisfactory for this purpose and therefore was made the basis of the following study. A number of interesting details were noticed which were of use later in interpreting the results of using gas mixtures. Fortunately a steady succession of over 50 freshly isolated strains was available and what follows bears only on first or second transfers.
The Multiplication of Bacillus abortus in Sealed Tubes as a Functio~ of the Number of Living Bacteria
Transferred.--If bits of tissues of bovine fetuses or bits of spleen from inoculated guinea pigs be transferred to agar slants and the tubes sealed, colonies wilt appear within 7 to 10 days. If transfers of these are made on ordinary meat-infusion-peptone-agar, the subsequent appearance of growth will depend upon the number of bacteria transferred.
To make the operations from strain to strain uniform and quantitative certain arbitrary dilutions were chosen. These were made with a capillary pipette standardized in drops, and a platinum loop, holding about 1/300 cc. The test-tubes were standardized with regard to length and diameter and the agar with regard to batch, quantity, area of slope, and quantity of condensation water. The sealing with sealing wax requires some care both in the making of the seal and subsequent handling of the tubes since slight holes at the start or cracks forming later will affect the growth. Inasmuch as films of growth of the various strains in sealed tubes differed but slightly in density, the entire film was used as a starting point for the dilutions. This film is readily washed down into the condensation water which was about 1 cm. deep and 1/4 cc. in volume. The resulting turbid suspension is free from clumps.
If a loopful of this turbid condensation water is rubbed over an agar slope and the tube sealed a film of growth appears quite regu-larly within 3 to 4 days. If the tube is not sealed growth usually fails entirely or rarely individual colonies may appear. If the loopful of condensation water is successively diluted two things happen. The appearance of growth is delayed in the lower dilutions and completely suppressed in the higher. Thus in one series of tests growth appeared within 3 days when a loopful of the turbid condensation water was rubbed over the agar slope. The growth with l/6 Ioopful appeared in 4 days, with 1/75 in 5 days, with 1/300 in 12 days. All further dilutions had failed when the experiment was closed on the 17th day. Calculations based on plate cultures indicate that the original loopful of condensation water contained between 2 and 3 billion bacteria. Taking the lowest estimate of 2 billion, we note that a 1/300 dilution grew in 12 days, whereas the next, 1/1,800, failed. Into this tube were put slightly more than 1 million, or about 125,000 bacteria to the square centimeter of agar surface. Parallel cultures in unsealed tubes, as stated above, usually fail to develop even when 2 or 3 billion bacteria are transferred. A slight increase may, however, be obtained when the transfer of bacteria is heavy enough to appear as a faint clouding of the agar surface. Then a slight thickening of the film may be observed within 2 days and sometimes irregular local patches of growth.
This phenomenon of delay and suppression has been observed by others in cultures of pneurnococci. Gillespie ~ found that a certain number of pneumococci must be added to bouillon to obtain multiplication. Thus one loopful of heart's blood from a mouse was sufficient to start cultures in 5 cc. of bouillon but not in 500 cc. Gillespie calculated that from 1 to 10 million more of pneumococci are needed to start growth in bouillon than on agar.
The phenomenon of delay or lag in the multiplication of pneumococci in fresh culture media was studied in detail by Chesney * in 1916. In his communication will be found a statement on the historical development of the concept of lag.
Not infrequently the delayed eruption of a film of colonies of Bacillus abortus in sealed tubes may be preceded 1 or more days by the appearance of a few scattering colonies. When the second rich crop appears the first colonies are easily recognized by their greater size. Very rarely a third crop may appear. Occasionally a higher dilu-8 Gillespie, L. J., ]. Exp. Med., 1913, xviii, 584. 4 Chesney, A. M., ] . Exp. Med., 1916, xxiv, 387. tion tube may erupt into view before a lower. In this case an imperfect seal may have influenced the outcome. On the whole however, the order of visibility of the films may be predicted in nine cases out of ten. The multiplication of the freshly isolated Bacillus abortus strain is thus a function of the number of living bacilli transferred. There is a threshold value of numbers below which growth fails completely. The multiplication is probably focal depending on cooperation of a certain number of bacteria. Of these a large proportion may die.
The multiplication of Bacillus aborius in sealed tubes of bouillon is less in evidence than on agar sloped. Minute doses fail altogether. The special conditions involved have not been studied. It is highly probable, however, that the tendency to continual dilution and dissipation of any cooperative support is largely responsible for the unsatisfactory growth in bouillon.
If we compare with the freshly isolated strains one under cultivation for several years the difference is readily noted. Such a strain will multiply promptly in unsealed cultures in dilutions far exceeding those in which growth is still suppressed in sealed tubes of fresh strains. In fact it is probable that no living bacteria are suppressed in the saprophytized strains. The change from one state to another may be traced in a series of transfers in which the time for the eruption of the film of colonies is gradually shortened and colonies begin to appear in unsealed tubes. Whether this change is considered a mutation or a more gradual raising or lowering of certain functions remains to be determined.
It had been noted before 5 that the parasitic state is not regained by contact with living tissues of the guinea pigs for 2 or 3 months. On the other hand this contact does not lead to a more saprophytic state. In a number of cases Bacillus abortus was isolated both from the fetal tissues directly and from guinea pigs inoculated therewith. The contact of Bacillus abortus with guinea pig tissues for 2 to 3 months produced either no change or else a barely recognizable deviation towards the more saprophytic condition. Bacilli readily growing in open tubes injected into the ducts of a cow's udder 5 Smith, T., and Fabyan, M., Centr. Bakt., 1. Abt., Orig., 1912, lxi, 549. failed to show any change towards the original condition even after nearly 4½ months stay in the udder and recovery through guinea pigs 2 to 3 months after the injection of the milk into them. We cannot, however, infer from this experiment that a return to the parasitic or animal state does not take place in the placental tissues of the cow. This particular test has not been made. In view of the fact that in several instances the saprophytic stage has been isolated directly from aborted fetuses the inference is warranted that Bacillus abortus is not restored to its original animal state by one passage through the fetal membranes of a pregnant cow.
The C02 Requirements of Bacillus abortus.
The observations of Bang and the sealed tube suggested that a reduced oxygen tension underlay the peculiar growth characteristic of Bacillus abortus, whereas the method of Nowak suggests both reduced O tension and the need for CO2. This last idea is new as applied to parasitic bacteria. The significance of CO~ in the activities of nitrifying bacteria had been first brought to light by Winogradsky. The writer has endeavored to trace the origin of the idea that CO2 may be a necessary factor in the multiplication of pathogenic bacteria. The .substitution of the concept of the need of CO, in place of that of a reduced oxygen tension has been gradual. The date of its emergence as a definite fact has not been clearly located. Nowak in describing his method of associating cultures of Bacillus subtilis regarded the growth as due to reduced oxygen tension. The development of the need of CO2 has circled at first about the cultivation of the gonococcus and the meningococcus.
In 1916, Wherry and Oliver 8,~ studied the gonococcus and several other organisms by using Nowak's original method of associating the cultures with B. subtilis. The better growth was interpreted as due to lowered oxygen tension. In 1918, Wherry and Ervin s showed that if culture tubes of the tubercle bacillus he connected with tubes containing barium or sodium hydroxide to absorb CO2 Dis., 1918, xxii, 194. the growth was inhibited. Control cultures connected only with tubes of distilled water developed normally.
Cohen and Fleming 9 in isolating meningococci used mixtures of COs and air.
Rich growths were obtained with B. subtilis, 10 and 20 per cent COs. In 30 per cent COs the growth was still good, scant in 50 per cent, and scarce in 75 per cent. This gas is not referred to as a factor however. The authors probably regarded it as simply reducing the oxygen tension. C.W. Chapin 1° in the same year reported a much better growth of primary cultures of the gonococcus in 10 per cent CO 2. His medium was however quite complex. The significance of a reduced oxygen tension or the presence of CO 2 was challenged by a number of authors. Gates 11 emphasized the importance of moisture secured indirectly by the devices used in cultivating bacteria in gas mixtures. He also showed that the change in reaction due to COs may be a determining factor. In his hands the meningococcus grew well in 15 to 40 per cent O. St. John ~ agrees with Gates in his interpretation of earlier work with COs mixtures. Similarly Kohman J3 infers from a series of experiments with two freshly isolated strains of meningococci in an atmosphere of 10 per cent COs that the favoring influence consists in adjusting the reaction. On the other hand Ruediger 14 obtains successful primary cultures of gonococci by simply closing the tubes with cork stoppers.
In 1920, Herrold jSreports the successful use of both B. subtilis and CO 2 mixtures in obtaining plate cultures of the gonococcus. He refers his success to the partial O tension.
Rockwell and McKhann, 16 in 1921, cultivated the gonococcus in various gas mixtures, using the hay bacillus as a kind of control. Although growth was obtained in a pure hydrogen atmosphere, it failed when anaerobic conditions were established with caustic soda and pyrogallic acid. In a further study oI a variety of bacteria (tubercle, hay, and anthrax bacilli, gonococcus, and staphylococcus) Rockwell 17 concludes that CO2 in some way favors certain aerobic and facultative anaerobic species.
In 1922, Erickson and Albert is stated that reduced O tension is of no value in cultures of the gonococcus and that moisture is the important factor in the method used. Torrey and Buckell 19 come to the same conclusion. Dis., 1922, xxx, 268. 19 Torrey, J. C., and Buckell, G. T., J. Infect. Dis., 1922, xxxi, 125. In a more elaborate study of various freshly isolated species of bacteria, Rockwell S° concludes that certain obligatory aerobes may grow without O if COs is present and that some anaerobes need the presence of COs as well as the absence o~O.
Struck with the peculiar behavior of the newly discovered bacillus in deep serum-gelatin-agar tubes Bang I and his assistant Stribolt carried out a series of tests in 1897 with different oxygen tensions and with COs. The results led them to advance the theory of two optima for oxygen, one below and the other much above the atmospheric tension. They regarded CO2 as of no influence on multiplication. Inasmuch as they used serum and gelatin in the agar and made no statement as to the total age of the cultures employed, their results cannot be interpreted without an exact repetition of their experiments with fresh and old strains.
In 1921, I. F. Huddle~on sl made some experiments with B. abortus in an atmosphere containing COs. He states that 10 per cent COs is the most favorable concentration and that amounts over 10 per cent are inhibitory. The conception underlying his experiments appears to be that 10 per cent COs brings the pH of the enclosed atmosphere to the point reached by cultures of B. subtilis (6.6) and that therefore 10 per cent CO~ is the proper concentration. C. P. Fitch S~ following Huddleson used 10 per cent COs but states that 10 per cent H is as favorable as CO2.
The differences of opinion as to the function of COs in stimulating multiplication of certain bacteria may have their origin in at least three possibilities. One is a rapid change of the freshly isolated bacteria in cultures, another is the possible existence of strains already indifferent to CO2 when first isolated, a third is the favoring action of adherent exudates, blood and the like, in primary cultures and the variable content of these substances in the seed.
Bacillus abortus lent itself very well to a test of the significance of CO2 in that it multiplies on a relatively simple, easily standardized substrate. As stated above, there was available a succession of fresh cultures in sufficient numbers to control irregularities in the original strain and to avoid working with any but direct transfers from the original culture. Moreover it is easily shown that oxygen is necessary to the growth of Bacillus abortus. When this organism has reached a stage in which it multiplies in unsealed tubes the growth is always more vigorous in the unsealed tubes and may be increased in vigor in the sealed tubes, where it soon tends to remain s0 Rockwell, G. E., J. Infect. Dis., 1923 , xxxii, 98. sJ Huddleson, I. F., Cornell Vet., 1921 ss Fitch, C. P., J. Infect. Dis., 1922, xxxi, 233. stationary, by unsealing the tube. In two tubes, one unsealed, the other sealed, in which multiplication of a parry saprophytized strain has gotten under way, the former always ends up with the heavier crop of bacteria.
The growth in sealed tubes having been standardized both as to quantity of seed and lag, the next step was to determine the effect of an atmosphere without COs under seal. This condition was created by hanging a small test-tube containing about 0.5 cc. of a normal or stronger solution of caustic soda in the upper part of the culture tube just below the plug. The effect of this arrangement on the growth is inhibitory and even more so than the merely unsealed tube would be on a parry saprophytized strain. If hung in an unsealed tribe, even then, in spite of the free interchange of air, some slight inhibition over and above that exercised by the open tube is in evidence. The behavior of a strain of Bacillus abortus over 4 years under cultivation is illustrated by the following experiment.
Dilutions of a loopful of the turbid condensation water of a washed-down growth of 1/1, 1/25, 1/300, 1/7,500, and 1/90,000 in bouillon were prepared and a loopful transferred to two series of agar slants, one series (a) unsealed, the other series (b) provided with a tube of N NaOH and sealed. The dilution of 1/1 developed within 24 hours in both series. In the open series (a) the second dilution developed in 28 hours, in the (b) series in 48 hours, the third dilution of the (a) series in 48 hours, in (b) series in 72 hours. The fourth dilution in (a) appeared in 48 hours, in (b) in 4 days. The frith in (a) appeared in 3 days, in (b) in 5 days.
The absence of COs in a sealed tube thus inhibits growth of fresh strains even when large numbers of bacteria are transferred. It delayed growth of an old culture growing readily in open and sealed tubes in all dilutions from 1 to 2 days according to dilution when the tubes containing NaOH were sealed. The next step was to test the effect of different concentrations of CO2 on freshly isolated strains. To do this the following method was used.
Agar slants were inoculated each with a Ioopful of various dilutions and placed in Novy jars or desiccators. In all cases sealed controls of all dilutions were made. The CO 2 obtained from a commercial bomb was allowed to flow into a gas tank and air blown in until the desired volume dilution was secured. Before use a short time was allowed for a thorough mixture of the air and CO 3. Higher dilutions were prepared by mixing lower dilutions with air. The mixture of CO~ and air was allowed to flow through the jars for 4 or 5 minutes, the stop-cocks closed, and the diffusion allowed to go on for another 4 or 5 minutes. The procedure was repeated about six or seven times. In some experiments the air was partially exhausted, replaced by the CO 2 mixture, and the procedure repeated once or twice.
It is not necessary to go into the details of the various trials. They were begun with 10 per cent CO~ and the amount of this gas gradually reduced to 0.1 per cent. In the different concentrations of CO~ down to 0.1 per cent the growth of Bacillus abortus was prompt and vigorous. The maximum growth was usually obtained in 2 or 3 days. In 0.1 per cent CO2 there was a slight delay of perhaps { day. As stated above, control sealed tubes were prepared in M1 trims and in these the appearance of the film was delayed from 1 to 2½ weeks or else completely suppressed. Among the many trials the following may be cited as an illustration. Feb. 27. The film of growth is washed down with the condensation water and the turbid suspension used for dilutions in bouillon. A standardized loop was used and a loopful of the turbid condensation water considered as unity. Thirteen dilutions were made in bouillon, the last representing one 81-millionth of the original loopful.
One series was sealed and incubated. Of the other only the seven last dilutions, beginning with a dilution of 1/22,500 of the original loopful, were prepared and this set placed in a desiccator into which a mixture of air and CO2 was driven containing 0.2 per cent CO2.
Of the sealed tubes only the original tube receiving an entire loopful of condensation water and the tubes receiving each a loopful of the four succeeding dilutions developed, the first in 2 days, the last (1/300 dilution of the original loopful) in 10 days, the others in between these extremes. The rest failed to develop.
The higher dilution cultures in the CO2 mixture beginning with the seventh dilution (1/22,500) all developed, the three first in 3 days, the others in 4 days.
In all the experiments with CO,, next to the rapidity of growth the vigor of the films and colonies was in striking contrast to the feeble growth in sealed tubes.
In addition to the tests with CO2, mixtures of nitrogen and air, as well as hydrogen and air, were tried, the trace of CO2 having been removed from these mixtures. When growth in the control sealed tubes was evident after 5 to 7 days, none had occurred in the mixtures. CO2 was then passed in to make 2 per cent by volume. In all tubes growth appeared within 2 days.
A limited number of experiments were made with mixtures of air containing higher percentages of CO2. In mixtures containing 90 per cent CO2 the appearance of films was slightly retarded. In an atmosphere of 100 per cent CO2 four dilutions of 1/25 to 1/1,800 loopful were cultured. Of these the first dilution showed growth in 8 days, the second in 10 days. The jar was opened after 14 days. The fourth dilution (1/1,800) was without growth; the third had one colony.
In an atmosphere of 10 per cent COs in 90 per cent N the growth was nearly as prompt and rich as in air and 10 per cent or lower volumes of COs. In a mixture of 90 per cent H and 10 per cent COs all dilutions (up to 1/1,200) developed luxuriously within 4days. There may have been traces of oxygen in the H, N, and COs gases to account" for the growth in the presumed absence of O. These preliminary tests indicate that with a proper CO~ supply, the organisms will thrive on traces of oxygen.
Thus far the descriptions have applied to tubes of sloped agar. Plate cultures fail to develop when made in the usual way. Placed in jars in an atmosphere containing COs the appearance of colonies is prompt and no suppression is in evidence. The figures given in the foregoing pages were obtained by plating dilutions and exposing them to an atmosphere containing COs.
When bacteria are distributed equally through melted agar and the tubes promptly chilled in a deep layer a film of colonies appears at the surface in tubes sealed. Tubes left unsealed remain free from growth. When such tubes are placed in air containing COt a film appears on the surface and not below.
The repressing and inhibitory effects of drying of cultures have been cited by authors as perhaps accounting for the stimulating effect of CO2 in closed vessels. Drying is undoubtedly a factor but it does not account for the behavior of the tubes in a CO~ atmosphere.
Inoculated unsealed agar tubes up to 11 days old, which had failed to grow and had lost their condensation water by drying, were promptly covered with colonies when placed in jars containing C02. Tubes older than this could not be revived. Tubes placed in jars containing ordinary air full of moisture failed to develop.
Some authors have claimed that the delicate adjustment of freshly isolated strains to a given hydrogen ion concentration may account for the action of COg in bringing about the proper pH. Inasmuch as this adjustment involves not only the pH range but also the nature of the ions used, only a few preliminary experiments were made in view of a broader inquiry into this aspect of the question.
The pH range within which B. abortus from freshly isolated strains may multiply in sealed tubes was determined by adding acids and alkalies to the ordinary agar of about pH 7.0. Normal phosphoric acid and normal sodium hydroxide were added in calibrated drops to the melted agar and the latter sloped as it cooled. On the acid side the llmit of multiplication was reached when 0.16 cc. of N H3PO, was added to 6 cc. of agar, lowering the pH to about 6.0 or 6.2. With N NaOH the limit was reached when between 0.04 and 0.08 cc. was added to 6 cc. agar, raising the pH to about 7.8 or 8.0. When the tubes were heavily seeded the range was in some tests slightly broadened to the next unit drop of 0.04 cc. N acid or alkali. When a tube of N NaOH was suspended in a tube of sterile agar and the tube kept sealed and incubated for a week the rise of the pH was from 0.1 to 0.3 only.
In view of the relatively broad pH zone within which Bacillus abortus multiplies in sealed tubes and the suppression of multiplication in the presence of a CO, absorbent, with but a slight change of pH, the contention that CO, simply adjusts reaction does not apply to Bacillus abortus.
When a series of tubes with additions of acid and alkali were incubated in the presence of 2 per cent CO2 a very prompt and vigorous multiplication took place in all tubes of the range given above with a slight extension of growth in the alkaline range. Evidently the wide range of CO, concentrations, from 0.1 to 10 per cent, which was found to eliminate inhibition and suppression of multiplication and also to stimulate growth quantitatively militates against the assumption that this gas merely regulates the hydrogen ion concentration.
DISCUSSION.
The foregoing experiments carried out on a series of over 50 fresh cultures of Bacillus abortus during the past 2 years offer a method for testing the saprophytism of the strains. This in its extreme state consists in a relative indifference to free contact with the air and to the absence of free CO2. The significance of CO2 to the recently isolated culture is not cleared up by these culture tests. It may act as a catalyst, or coenzyme, or it may be used as a source of carbon in the manner first pointed out by Winogradsky in 1890 for the nitrifying bacteria and more recently confirmed by Meyerhof 28 for the organisms oxidizing nitrites to nitrates. The prompt growth in mixtures of 10 per cent CO~ with N or H, the only ones tried, indicates that mere traces of O may suffice provided CO~ is also available. When the latter is removed neither air nor mixtures of N or H with air permit multiplication.
Growth in mixtures of air containing as much as 90 per cent CO2 was less rapid than in mixtures of 10 per cent or less, but in the end as vigorous and without suppression of high dilutions. In 100 per cent CO~ high dilutions were suppressed; the lower dilutions throve, probably on traces of O still present.
On several occasions as a result of faulty technique, one or two colonies of moulds appearing in a high dilution culture caused the appearance of a large number of uniformly distributed colonies late when no growth was expected and when lower dilutions remained free from growth. The uniform size and distribution of such colonies suggests the influence of a gaseous element rather than one working through the agar medium.
The behavior of the bacillus in the sealed tube may be explained tentatively by the production of CO2 by the transferred bacteria which is then retained by the seal. The favoring action of mass inoculations in starting the culture harmonizes with this view. The same is true of the occasional appearance of single colonies when millions of bacteria have been transferred. The single bacillus has been kept alive by the respiration of many perishing bacilli. The appearance of crops of colonies is a further support of this view.
~3 Meyerhof, 0., Arch. ges. Physiol., 1916, clxiv, 353. A few scattering colonies appear and become 1 ram. in diameter. Suddenly a second much larger crop appears over the entire agar slope. Even a third may appear. The older saprophytized strains may require CO~, but if so the requirement is masked by the early COs production of the culture itself.
The behavior of Bacillus abortus in tubes of bouillon does not lend itself as well to quantitative studies bearing on the rate of multiplication. The organism is however favorably influenced by the presence of CO2 as compared with the unsealed and sealed tube. The difficulty in establishing a focal mass effect to favor individual bacteria to multiply owing to convection currents and constant dilution may account for the conditions observed.
Further studies will determine whether Bacillus abortus stands alone in its relation to CO~ or whether some other pathogenic types share this requirement. If they do the isolation and early cultivation of such types should be greatly promoted by its use. It is to be borne in mind that slight changes of environment may lead to failure or success if COs has the significance for them that it has for Bacillus abortus. For instance, cultures of strains sensitive to COs placed in a crowded incubator closed for 1 or 2 days may multiply, whereas another set in an empty incubator may fail to grow.
If we permit our imagination to play for a moment we may discern a certain parallel between the phenomena described and the process of infection. If we regard the agar substrate as the invaded host we have the outbreak of disease (or growth) depending on the dose in the first place. A large dose may overcome the unfavorable equilibrium. If the dose is too small, the invading organism fails to multiply, becomes latent until changes occur favorable to it. If the change comes soon (COs), a retarded attack (growth) may resuit. If beyond a certain period, the organism may have died.
CONCLUSIONS.
The relative absence of saprophyfism in freshly isolated strains of Bacillus abortus is conveniently measured by inoculating a series of agar tubes with. successive dilutions of culture and sealing the tubes. The appearance of films of growth is delayed from 3 to 17 days and suppressed with the increase in the dilutions. As many as 100,000 bacteria per sq. cm. of agar surface are suppressed. When the confined air contains C02 in a concentration as low as ~ per cent and up to 10 per cent, the inhibition and suppression do not occur. Concentrations down to 0.1 per cent are still capable, even though in a slightly retarded manner, of bringing high dilutions into growth. In all cases the resulting growth was remarkably vigorous when compared with that in sealed tubes. 24 ~4 After completion of the manuscript, an article on porcine abortion by Good and Smith was brought to my attention (Good, E. S., and Smith, W. V., J. Bact., 1916p i, 415) . The strain of B. abortus isolated grew readily in air.
